A b s t r a c t
Introduction
Cholecystolithiasis is one of the most common causes of surgical hospitalization in the Lublin region. Laparoscopic cholecystectomy has become the gold standard for the treatment of cholelithiasis. Compared to the classic open abdomen technique, the laparoscopic one is less invasive, requires a shorter hospitalization period and provides a better cosmetic effect. Despite its obvious advantages, the laparoscopic technique, which usually utilizes carbon dioxide (CO 2 ) pneumoperitoneum, can cause various complications including shoulder tip pain or more frequent postoperative nausea and vomiting as well as iatrogenic biliary injury and intra-or postoperative arterial haemorrhage [1] [2] [3] [4] . Such surgical complications are likely to occur due to improper recognition of the structures within Calot's triangle [2] .
Calot's triangle is defined as the area bordered by the cystic duct, common hepatic duct and lower edge of the liver [5] . This region and the hepatobiliary triangle are considered to be among the most variable anatomical structures [2, 6] .
As laparoscopic cholecystectomy is one of the most commonly performed surgical procedure, detailed knowledge of Calot's triangle anatomy as well as its variations is essential in everyday practice. The great variety of anatomical origins of the cystic artery might create problems with proper recognition and dissection of structures during laparoscopic cholecystectomy. Technical difficulties resulting from inadequate identification of the structures inside the triangle might be especially problematic in terms of recognition and might lead to injuries of the cystic artery or bile ducts, which are the most common complications of laparoscopic cholecystectomy [2, 7] .
That is why several classifications and techniques were introduced in order to standardize the procedure and decrease the number of iatrogenic injuries [2, 8, 9] .
Aim
The aim of the present study was to evaluate the correlation between anatomical conditions inside Calot's triangle, operative parameters (time of the procedure, use of a harmonic knife), postoperative complications (haemorrhage and bile leakage) and patients' demographic data. Additionally we evaluated the utility of the anatomical classification introduced by Skandalakis et al. in laparoscopic cholecystectomies.
Material and methods
The study included 84 patients who underwent laparoscopic cholecystectomy. Patients were operated on by two surgeons (ACh and KT) between January and December 2009 at the Department of General Surgery of the District Specialist Hospital of Lublin, Poland. All the patients underwent preoperative diagnostics which included physical and ultrasound examination as well as laboratory workup and were qualified for elective surgery.
All laparoscopic cholecystectomies were performed under general anaesthesia using the standard "four ports technique". Pneumoperitoneum was created after introducing a Veress needle below the umbilicus. After obtaining proper values of intraabdominal pressure (12-14 mmHg) the video port (umbilical) and 3 other operating ports were introduced (two 5 mm, and one 10 mm). The gallbladder was removed after detailed identification of the structures within Calot's triangle. The topography of the cystic artery and bile ducts was categorized using Skandalakis' classification. The origin of the cystic artery has been divided into 5 types: A -from the right hepatic artery ( Figure 1) ; B -from the common hepatic artery, its bifurcation, or from the left hepatic artery; C -from the gastro-duodenal artery; D and Ethe cystic artery reaches the gall bladder at the fundus or distal part of the body as a recurrent artery (from the superficial side type D, or deep type E) [10] [11] [12] .
The characteristics of the operated population are presented in Table I .
Types of cystic artery origin according to Skandalakis et al., as well as domination of the superficial or deep branch of the cystic artery were correlated with patients' demographic data (age, gender, body mass index -BMI), intraoperative parameters (occurrence of adhesions, use of harmonic knife, type of haemostasis of the cystic artery) and occurrence of postoperative complications (haemorrhage and bile leakage). The presence of any type of adhesions was included in the study protocol. Obtained results were statistically analysed.
The demographic data of the patients included in our study were compared with data of patients hos- For statistical analysis, the Mann-Whitney U, Kruskal-Wallis and χ 2 tests were used to evaluate the differences between male and female patients. Differences with p value less than 0.05 were regarded as statistically significant. Data were analysed using SPSS Statistics v. 17.0.
Results
Laparoscopic evaluation revealed that in both groups (male and female) type A was the most common. Groups B & E were the most common types in male patients and occurred with the same frequency. Type D and E were more common in male patients compared to women. Detailed results are presented in Table II .
Interestingly, type C was observed exclusively in females. As type A was the most common in both genders we grouped types B, C, D and E into one class (type O). The frequency of the cystic artery variants differed between the groups. Type A was more common in males whereas type O variation of the point of origin was more common in the female group (45.6%) than the male group (12.5%). Results are presented in Table III .
Type A occurred in 87.5% of female patients and was more common in male than female patients.
Type O variants occurred significantly more often in the female group (p < 0.05). In both groups laparoscopic evaluation of the cystic artery within Calot's triangle revealed more frequent domination of the deep branch. Domination of the branches of the cystic artery is presented in Table IV .
No correlations between the presence of adhesions or use of a harmonic knife and the duration of surgery were observed. The presence of adhesions and use of a harmonic scalpel are presented in Table V. A positive correlation between BMI (p = 0.013) and duration of the surgery was observed. The cystic 
Discussion
Laparoscopic cholecystectomy is one of the most common intervention performed in surgical wards.
Proper recognition of the structures within Calot's triangle is essential for the safety of this procedure.
The region of Calot's triangle is one of the most variable anatomical regions of the human body. Many descriptions concerning the points of origin of the cystic artery and its course in this region can be found in the literature [6, [13] [14] [15] [16] [17] [18] [19] [20] . The most important steps during laparoscopic cholecystectomy include correct identification of the structures within Calot's triangle and proper dissection and ligation of the cystic artery and bile ducts, which prevent postoperative haemorrhage and bile leakage. Use of the "infundibular" technique might contribute to misidentification of the common bile duct or an aberrant right hepatic duct with the cystic duct [21] .
Difficult anatomical conditions which often hamper laparoscopic cholecystectomy facilitated introduction of techniques which aimed to increase the safety of that procedure. Introduction of new techniques that minimize the surgical injury, such as NOTES (natural orifice translumenal endoscopic surgery) or SILS Avgerinos et al. presented the "critical view of safety" (CVS) technique, which recommended clearing the triangle of Calot from fat and fibrous tissue, followed by gallbladder removal starting from the lowest portion attached to the gallbladder bed. That cited technique consists in detailed identification of Calot's triangle's structures and the authors stressed its preventive role against bile duct and blood vessel injuries [26] .
Tang et al. presented the Observational Clinical Human Reliability Assessment (OCHRA) for laparoscopic cholecystectomy, which was an objective system documenting errors as well as their consequences occurring at all stages of surgery. The assessment can be useful in recognition of difficult anatomical conditions [27] .
The technique of subtotal removal of the gallbladder can be used when proper anatomical identification is impossible. In the study performed by Sharp et al. a postoperative follow-up of 314 days was performed. The authors concluded that partial cholecystectomy was a feasible approach in patients with severe inflammation in terms of clinical results [9] . Similarly, Cakmak et al. stated that partial cholecystectomy could be efficiently and safely performed in case of difficulties with the dissection of Calot's triangle [7] . Di Carlo et al. suggested that subtotal cholecystectomy should be considered when deviation of normal anatomy of this region occurred [28] . Despite the development of new techniques such as SILS cholecystectomy the importance of Calot's triangle anatomy cannot be neglected [29] . Injuries of the biliary ducts which occur often in cases of cholelithiasis with severe cholecystitis and/or peritonitis result from inflammation-induced changes in the topography of Calot's triangle structures which are either hidden within masses of inflammatory tissues (cystic duct) or are adhered to the gallbladder, mimicking its wall (common hepatic bile duct) [30, 31] .
For cases connected with problems in recognition of anatomical structures Lee et al. presented a surgical technique in which the Veress needle was introduced via the subcostal arch in order to decompress the gallbladder. Such a manoeuvre facilitated identification of the structures inside Calot's triangle [32] . The technique presented by Sari et al. utilized an intraoperative injection of the fundus of the gall bladder with methylene blue. According to the authors such a procedure was very helpful in avoiding anatomical misidentification [33] . The technique presented by Kunsani et al. was based on identification of the Calot's triangle lymph node, which was used subsequently as a reference point (end point) in the dissection. According to the authors the inflamed and usually enlarged node should be kept lateral during dissection [34] .
Apart from inflammation other pathologies including Mirizzi's syndrome may also alter the topography of Calot's triangle. Therefore in cases of Mirizzi's syndrome a preoperative workup including ultrasound and endoscopic retrograde cholangiopan- [36] . However, due to limited access to CT examination and its high cost, this method of preoperative evaluation is of limited application.
Various classifications of the anatomical relations of the cystic artery have been described. Surgical classification by Balija et al. categorized variations of the cystic artery into two groups. Group I referred to its most typical topography occurring in up to 96% of cases with the point of origin located within the hepatobiliary triangle [13] . Our study revealed type I to be the most frequent as well. Further on Balija et al. distinguished three subgroups among the group I variations. The first subgroup included normal position of the cystic artery, the second subgroup included all cases of cystic artery duplication in Calot's triangle, and the third one included cystic artery deriving from an aberrant hepatic artery. The second group included cystic artery variants originating either from the gastroduodenal artery or from the left hepatic artery. Cystic artery variants belonging to that group could not be found in the hepatobiliary triangle [13] .
The present study evaluated the dominance of the branches of the type A cystic artery. Statistical analysis revealed more frequent dominance of the deep branch (60% in the M, 71% in the F group), which is in concordance with the results obtained by other authors [6, 14] .
In the study performed by Ding et al. three groups of anatomical variants within Calot's triangle were distinguished. Group I represented the most common type of cystic duct course. That type was observed in 85.5%, which is concordant with our results. Group I was subdivided into two subgroups. The first subgroup included cases with the cystic artery originating from the right hepatic artery within Calot's triangle. A double cystic artery was classified as a second subgroup. Group II consisted of cases with the cystic artery originating outside Calot's triangle, including variants branching from the gastroduodenal artery, right hepatic artery variants, liver parenchyma or left hepatic artery. Cases of the gallbladder supplied by two arteries, one originating outside and one inside Calot's triangle, were classified as group III [2] .
A variant of a single cystic artery originating from the right hepatic artery which courses around the cystic duct was described by Suzuki et al. However, we have not observed such a variation in our study [37] .
The results of our study revealed no influence of the use of an ultrasonic scalpel on duration of the surgery or on quality of ligation of the blood vessels. This is in concordance with the results obtained by Cengiz et al. However, the authors observed less postoperative pain, nausea, blood loss and gallbladder perforation [8, 38] .
We observed the highest number of patients operated in our department between 51 and 60 years old, which was in accordance with data obtained from the whole Lublin region. Additionally, the majority of the group consisted of female patients. In our study we observed that the majority of patients (n = 64) were from rural regions, which was in concordance with the tendency in Lublin's state.
In our study the average hospitalization was 3.2 days and this is shorter than the regional average hospitalization.
Detailed anatomical recognition of Calot's triangle should reduce the incidence of haemorrhage and bile leakage after laparoscopic cholecystectomy. Proper anatomical identification combined with improved surgical techniques can efficiently improve the quality of life of patients after this type of surgery by reducing the incidence of nausea, postoperative pain and other complications [2, 3] .
Conclusions
We found that the classification of Skandalakis et al. was very detailed, but too complex to be implemented in everyday practice. Therefore we propose a simplified classification which could be used as a practical tool to determine the type of anatomical variation and preserve the safety of the procedure.
